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ABSTRACT
Introduction: The purpose of this study was to investigate the epidemiology and 
characteristics of surgically treated ovarian lesions in preadolescent girls. Material 
and Methods: This was a retrospective cohort study including all 0-11-year-old girls 
operated at a single center from 1999 to 2016 for ovarian cysts, neoplasms, or 
torsions. Patient charts were reviewed for symptoms, preoperative radiological 
imaging, operative details, and histopathology. Results: We identified 78 girls 
resulting in a population-based incidence of 4.2/100 000. Infants (n= 44) presented 
with benign cysts (42/44, 95%, one bilateral), a benign neoplasm (1/44, 2%), and a 
torsion without other pathology (1/44, 2%). Torsion was found in 25/29 (86%) ovaries 
with complex and in 3/15 (21%) ovaries with simple cysts in preoperative imaging 
(p<0.001). Most infants were asymptomatic. Lesions in 1-11-year-old girls (n=34) 
included benign neoplasms (n=21/34, 62%), malignant neoplasms (n=5/34, 15%), a 
cyst with torsion (n=1/34, 3%), and torsions without other pathology (n=7/34, 21%). 
Torsion was more common in benign (17/21, 81%) than in malignant neoplasms (1/5, 
20%) (p<0.020). Ovarian diameter did not differ between ovaries with or without 
torsion (p=0.238), or between benign and malignant neoplasms (p=0.293). The 
duration of symptoms in lesions with or without torsion was similar. Conclusions: 
The majority of surgically treated ovarian lesions in preadolescent are benign lesions 
with torsion. Surgery should be ovary preserving and performed without delay.
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interquartile range=IQR 
Key message
Most surgically treated ovarian lesions in preadolescent girls are benign lesions with 
torsion. Ovary sparing is often possible even with radiological sign of torsion. Thus, 
surgery should be performed without delay in all children with suspicion of ovarian 
torsion.
CTION
Ovarian cystic lesions are common in neonates due to maternal, placental, and fetal 
hormonal activity1 and in adolescent patients2 with increasing hormonal activity at 
puberty. In preadolescent patients with low hormonal activity large cystic ovarian 
lesions are rare.3 The incidence of ovarian cysts in girls <1 years of age has been 
estimated to be 5.70/100 000.4 The total incidence of ovarian cysts in this age-group is 
probably higher because small clinically insignificant cysts are likely to remain 
undiagnosed.5 
Benign and malignant ovarian neoplasms are extremely rare in neonates but their 
incidence increases with age. However, there are little data on the population-based 
incidence of ovarian neoplasms in children.4,6 Previous studies have suggested that 
about half of the ovarian masses in children are neoplastic.7,8 In a previous study we 
found that overall incidence of ovarian neoplasms in 0-15-year-old girls was 2.2/100 
000 and the median age at presentation was 13 years.6 A Dutch national study has 
reported an incidence of benign ovarian neoplasms from 0.34 at age of 2 years to 4.38 
at age of 12 years per 100 000 girls.4 The incidence of malignant ovarian neoplasms 
has been reported to vary with age from 0.04 to 0.85/100 000 girls.4,6A
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Differential diagnostics between uncomplicated ovarian cysts, cysts with torsion, or 
benign or malignant neoplasms is often challenging.  Symptoms such as abdominal 
pain, nausea, vomiting, and fever may occur in lesions with or without torsion.9,10 
There is no clear consensus on the indications and the timing of surgery of different 
pediatric ovarian lesions. To facilitate correctly timed and fertility sparing surgery, 
more data on both clinical characteristics and radiological findings of different 
ovarian lesions are needed. 
We aimed to investigate the epidemiology, the findings in the preoperative imaging, 
and the symptoms of ovarian lesions in prepubertal girls operated at the catchment 
area of Children’s Hospital, University of Helsinki. In addition, we aimed to report the 
histopathology and the operative technique of ovarian benign and malignant 
neoplasms, and cysts, and specifically to analyze which symptoms and radiological 
findings are associated with ovarian torsion. 
MATERIAL A S
Patients and methods
We included all girls aged 0 to 11 years who underwent surgery for ovarian cysts, 
neoplasms, or torsion at Helsinki University Hospital for Children and Adolescents 
from 1999 to 2016. Patients were identified from the operative database. Data 
collected from hospital records included symptoms, radiological findings, operative 
technique, intraoperative findings, and histopathology. Cysts were classified 
according to the preoperative radiologic imaging into complex and simple cysts.  
Complex cysts had sedimentation, septae, or solid components in the imaging, 
whereas simple cysts contained clear fluid. Ovary with ‘torsion without other 
pathology’, was defined as ovarian torsion without perioperative or histopathologic 
diagnosis of cyst (more than 8 mm) or neoplasms. Necrosis was verified at 
histopathologic examination. We focused on prepubertal girls because all surgically 
treated ovarian lesions in this age group are treated in one university hospital with 
pediatric surgical service. This enabled the identification of all successive patients and 
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the calculation of accurate incidence figures. In addition, ovarian lesions in 
prepubertal girls differ from older girls mainly because of the lack of sex hormonal 
effect. Para-ovarian cystic lesions were excluded from this study. 
The assessment of the population-based incidence of ovarian lesions was based on the 
institutional referral area that includes 1.5 million inhabitants. Because all cysts in the 
study patients were of neonatal origin and all preoperatively detectable neoplastic 
tumors were detected after infancy we have evaluated these two patient groups 
separately. Incidence was separately analyzed for two groups of patients; Group 1 
included infants operated at less than one year of age with either prenatal or postnatal 
diagnosis of ovarian lesion and Group 2 consisted of girls operated between the ages 
of 1 and 11 years. The incidence of ovarian pathology in Group 1 was calculated in 
relation of annual birth rate and in Group 2 to the relation of the number of 1 to 11-
year-old girls at the institutional referral area. Data of birth rate and annual number of 
1 to 11-year-old girls were provided by Statistics Finland.
Statistical analyses
Continuous variables were expressed as medians and interquartile ranges (IQR) or 
ranges. The Mann-Whitney U test was used to compare continuous variables and 
Fisher’s Exact test to compare categorical variables. The StatView® 5.0.1 software 
program (SAS Institute Inc., Cary, NC, USA) was used for statistical analyses. P-
value of less than 0.05 was considered statistically significant.
Ethical approval
The study was approved by the Ethics committee of Helsinki University Hospital 
(approval date 25th September 2014, No: 285/13/03/03/2014).
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Incidence and histopathology of ovarian lesions requiring surgery
A total of 78 girls (n=44 in Group 1 and n=34 in Group 2) were operated for ovarian 
neoplasms, torsions, or cysts during the study period. The total birth rate at the referral 
area was 155 839 and the mean annual birth rate of female neonates was 8 658. The 
mean number of 0 to 11-year-old girls living annually in the referral area during 1999 
to 2016 was 103076 (range 99 658-108 335, altogether 1 855 369 girls). Accordingly, 
the corresponding population-based incidence of ovarian lesions for girls aged 0 to 11 
years was 4.2/100 000. The most common finding at surgery (n=55/78 [71%]) was 
ovarian torsion (Table 1). Age at the time of ovarian surgery according to 
histopathology is shown in Table 2.
Group 1
The mean age of the patients in Group 1 at surgery was 0.15 years (SD ±0.07, range 
0-0.98). Out of the 44 infants, 42 (95%) had ovarian cysts (one bilaterally). In 29/44 
(66%) infants, the ovary was in torsion. Only one infant was diagnosed with ovarian 
benign neoplasm. This was a gonadoblastoma found in prophylactic oophorectomy 
performed due to the risk of neoplasm in an asymptomatic girl with mosaic Turner 
syndrome. This patient was excluded from the further analysis. Another infant 
undergoing surgery for small bowel obstruction had preoperative ultrasound finding 
of an enlarged ovary (37mm) and was eventually diagnosed at surgery with ovarian 
torsion without a cyst or other pathology. Out of the 43 infants without a neoplasm, 36 
were diagnosed antenatally, four were symptomatic (pain in three and lack of appetite 
in one). Three had an incidental postnatal diagnosis; one was noticed at 2 days of age 
at palpation of the abdomen, second at 127 days when imagined for suspicion of 
inguinal hernia, and the third at 193 days when imagined due to vaginal bleeding. 
Symptoms were reported in 1/14 (7%) patients without torsion and 3/28 (11%) with 
torsion (p>0.999).
Ultrasound findings in Group 1
Preoperative ultrasound indicated a complex cyst in 28/43 (65%) and a simple cyst in 
15/43 (35%) of the cystic cases (Figure 1). Out of the 28 complex cysts, sedimentation 
was seen in 17 (61%), solid components in 8 (29%) (one also with sedimentation), 
and three had miscellaneous findings. Eventually, torsion was detected at surgery in 
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25/28 (89%) of the complex cysts, in all with solid components, and in 3/15 (20%) of 
the simple cysts (p<0.001). All nine ovaries with solid components in complex cyst in 
ultrasound were removed because of complete necrosis. The median size of the ovary 
with torsion was 51 (range 24-90) mm. Examples of preoperative ultrasound images 
of two ovaries in torsion are shown in Figure 2A and B.
Surgery in Group 1
Out of the 44 infants (42 with cysts), 15 (34%) underwent laparoscopy, nine (20%) 
underwent para-umbilical laparotomy, and 20 (45%) Pfannenstiel or other 
laparotomy. Ovary-sparing procedure was possible in 22/43 (51%) infants with 
ovarian cysts; ovary was spared in 8/28 (29%) with cysts and torsion, and in 14/15 
(93%) with cysts without torsion (p<0.001) (Figure 1).
Group 2
The mean age of the patients in Group 2 at surgery was 7.6 years (SD ±3.1, range 1.5-
11.9). Of the total of 34 patients, 21 (62%) had a benign neoplasm, five (15%) a 
malignant neoplasm (Table 3), seven (21%) a simple ovarian torsion without specific 
ovarian pathology, and one  (3%) a simple cyst. Thirty-three (97%) patients were 
symptomatic (pain n=30, fever n=5, vomiting n=5, abdominal swelling n=3). The 
median duration of symptoms before surgery was 2 days (IQR 1-6). The duration of 
symptoms before surgery did not significantly differ in patients with or without 
ovarian torsion (median 3, [IQR 2-76], vs. 2 [IQR 1 -5] days, respectively) (p=0.429). 
The only asymptomatic patient was diagnosed with an autoamputated ovary at the age 
of 2.3 years as an incidental finding in pelvic x-ray and possibly of neonatal origin. 
Factors associated with ovarian torsion in Group 2
Torsion was detected in 81% (17/21) of benign neoplasms whereas only one of five 
(20%) malignant neoplasms presented with torsion (p<0.020, see Figure 3). The 
ovarian diameter did not differ between benign (median 77mm [IQR 57-91]) and 
malignant neoplasms (90mm [68-113]) (p=0.293) or in ovaries with (66mm [IQR49-
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83]) and without (77mm [IQR 65-110]) torsion (p=0.238). In addition, the ovaries 
with benign and malignant neoplasms did not differ in size with those in torsion 
without identifiable other pathology, 79mm (IQR 60-95) and 60mm (IQR 46-66), 
respectively (p=0.296). Cysts were observed in 19/21 benign neoplasms, 4/5 
malignant neoplasms, and small cysts (≤8mm) also in 5/7 ovaries with torsion without 
other pathology (p=0.208). 
Surgery in Group 2
In Group 2, 6/34 (18%) of the patients underwent laparocopic surgery (simple torsions 
n=4, benign neoplasms n=1, simple cyst n=1). Ovary-sparing surgery was performed 
in 7/34 (21%) including five with torsion without other pathology and two with 
mature teratoma with torsion.
USSION
Our main results were: 1) The incidence of ovarian lesions that required surgery in 0-
11-year-old girls was 4.2 / 100000. Incidence was further divided into an incidence of 
28.2 /100000 in infants from 0 to 1 years of age and 2.0 /100000 in girls aged from 1 
to 11 years. Incidence of malignant lesions was 0.3 / 100000 in 1-11-year-old girls. 2) 
Study infants were mostly asymptomatic. In infants, the most common surgical 
pathology was large ovarian cysts with torsion and with a complex cyst in 
preoperative ultrasound. Sedimentation was often associated with torsion but not 
necessarily with necrosis. Ovaries could be spared in 29% of the infants despite of 
torsion.  3) In girls from 1 to 11 years of age, the most common surgical pathology 
was a symptomatic benign neoplasms. The duration of symptoms in lesions with or 
without torsion was similar. 4) Ovarian diameter measured in the ultrasound did not 
predict either torsion or a malignant ovarian lesion. 5) Malignancy was very rare in an 
ovary with torsion. 
Since we had access to comprehensive data of pediatric patients operated in the 
catchment area of our hospital with a population of approximately 1.5 million 
inhabitants, we were able to calculate incidences of different ovarian lesions operated 
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in girls at different age groups. In line with previous studies4, most study infants had 
benign cysts with or without ovarian torsion while the incidence of ovarian neoplasms 
was very low in infants. The incidence rate of malignant neoplasms in our study 
population (0.3 per 100 000 girls) was low and comparable to previous Dutch reports 
with an incidence ranging from 0.04 to 0.85 per 100 000 girls below 13 years of age 
per year.4
In infants, the appearance of a simple cyst (without sedimentation or different 
components) in preoperative imaging was quite well predictive of the operative 
finding of an uncomplicated ovarian cyst (73%). This is in line with previous studies 
and with the recommendations of non-operative follow-up of small simple cysts when 
the diagnosis is clear and the patient is asymptomatic.3,11 In our cohort, sedimentation 
was often an indicator of torsion, but not necessarily of necrosis. This suggests that 
infants with sedimentation of the cyst may benefit from an operation on a more urgent 
basis in order to avoid ovarian necrosis and oophorectomy. However, solid 
components in a cyst in an infant were likely to indicate necrosis, suggesting that the 
operation does not need to be performed urgently.
The risk of ovarian torsion and the risk of having surgery is considered increased if 
size of an ovarian cyst in radiological imaging exceeds 40-50 mm.12,13 However, there 
is controversy on whether a large cyst size alone should be an indication for surgical 
treatment or not.3,9 Interestingly, in our material the cyst size was less than 50mm in 
11 out of 28 ovaries with torsion. The smallest ovarian cyst with torsion was 24mm. 
While small cyst size was associated with torsion in our study, we cannot draw a 
conclusion on this. For comparison, it would have been of interest to have follow-up 
data on infants with small cyst that were conservatively treated. Unfortunately these 
data were not available.
Ovarian torsions were most commonly found in girls with cysts or benign neoplasms. 
Only one patient had ovarian torsion in relation to a malignant ovarian neoplasm. This 
supports the previous theory of malignant neoplasms being less likely to rotate around 
themselves due to adhesions.9 Also, since most 1-11-year-old girls had either benign 
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or malignant ovarian neoplasms, or torsions, our results support the previous 
recommendation of operating on prepubertal girls with persisting or complex ovarian 
cysts.3
According to our results, pain is a relatively poor indicator of ovarian torsion. 
Particularly the infants remain asymptomatic despite of torsion. In 1-11-year-old girls, 
pain was the most common symptom in ovarian torsion. However, as observed in 
previous studies,10 most patients with an ovarian lesion without torsion presented with 
abdominal pain as well. Also, the duration of symptoms before operation was similar 
in patients with ovarian torsion and in patients without torsion. The long duration of 
symptoms before surgery in our series is partly explained by our earlier policy to wait 
for the tumor markers before proceeding to surgery. However, since it is very rare for 
an ovary with malignant neoplasm to be in torsion9, we have recently changed our 
policy on this.
Conservative surgical treatment of ovarian torsion by detorsion and of benign 
neoplasms by ovary-sparing techniques has been advocated instead of 
oophorectomy14-16 to save viable ovarian tissue to preserve fertility and to avoid early 
menopause.17,18 Purely cystic lesions with negative tumor markers or of small size 
have been suggested as indications for gonad sparing procedure.19 In our data, ovary-
sparing procedures were rarely performed (21%) in 1-11-year old girls. This is in 
contrast to previous reports with ovary-sparing procedures performed in 40 to even 
95% of the cases with benign conditions.10,20-21 The high rate of oophorectomies in 
this patient group is partly explained by our earlier policy to prefer oophorectomy to 
avoid tumor rupture also in benign neoplasms. We have started to be more active in 
performing ovary-sparing procedures nowadays since good long term results have 
been observed with ovary-sparing surgery in pediatric patients despite black-bluish 
color in twisted ovary.15,22 On the other hand, our results showed a greater rate of 
ovary-sparing procedures in infants compared to a previous study reporting only 14% 
of ovary-sparing surgeries in infants with operatively treated ovarian cysts.23 This is 
may be explained by the shorter delay in surgery. Unfortunately, we did not have data 
on function of the ovaries that had been preserved. Ovary-sparing treatment to 
preserve future fertility is further encouraged by our previous study showing that 23% 
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of girls operated for benign ovarian lesion were later diagnosed with contralateral 
ovarian neoplasm.24
The limitation of our study is the lack of information on conservatively treated cysts. 
It would have been of interest to have data of the small infant ovarian cysts without 
operation to be able to estimate further the association of cyst size and torsion. 
Because some rather small ovaries were twisted in our material, it seem that this 
aspect needs further investigation.  Although increasing towards the end of the study 
period, ovary-sparing surgery was infrequent in our material. However, our results 
support the concept of ovary-sparing surgery in infants and also in older patients in 
whom torsion was mostly associated with a benign condition. The strength of our 
study is the population based material from the hospital catchment area to give 
reliable incidence figures.
CONCLUSION
In infants, the prevailing pathology was a cyst with torsion whereas neoplasms were 
more common in 1-11-year-old girls. Irrespectively of etiology, most operated 
patients had ovarian torsion, and torsion was almost always associated with a benign 
condition. Despite of torsion, many ovaries could be spared even in infants. Thus, to 
preserve viable ovarian tissue, unnecessary delay of surgery and oophorectomies in 
benign conditions should be avoided. 
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Figure 1. The findings in preoperative ultrasound and at operation of the cystic ovaries 
in Group 1 (<1 years of age).
Figure 2. Neonatal ovarian cysts with torsion. A. Cyst with sedimentation and a viable 
ovary. B. Cyst with solid components and a necrotic ovary.
Figure 3. Findings at histology and operation of ovarian tumors in Group 2 (1-11-
year-old girls).
Table 1. Findings at ovarian surgery in the study groups. Incidence for Group 1 is 
calculated per 100 000 newborn females and for Group 2 as a population-based 
incidence of girls from 1 to 11 years of age living at the catchment area from 1999 to 
2016. Cases with torsion are given in parenthesis.
Ovarian 
pathology
Group 1 
(<1 years 
of age) n
Group 1 
incidence/
100 000 
newborn 
females
Group 2 
(age 1-11 
years) n
Group2 
incidence/
100 000
1-11 year-
old girls
All study 
patiens 
(0-11 
years) n
All study 
patiens, 
incidence/
100 000
0-11 year-
old girls
Neoplasms 1 (0) 0.6 26 (18) 1.5 27 (18) 1.5
- benign 1* 0.6 21 (17) 1.2 22 (17) 1.2
- malignant 0 0 5 (1) 0.3 5 (1) 0.3
Cyst 42** (28) 27.0 1 (1)*** 0.05 43** (29) 0.24
Torsion without 
other pathology
1 (1) 0.6 7 (7) 0.4 8 (8) 0.4
Total 44 (29) 28.2 34 (26) 2.0 78 (55) 4.2 (3.0)
*A prophylactic gonadectomy was performed due to mosaic Turner syndrome and an incidental finding 
of gonadoblastoma was found at histology examination. 
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**One patient had bilateral cysts.
***Autoamputated ovary
Table 2. Age at ovarian surgery according to the diagnosis at histology. 
IQR=interquartile range.
Median age (years)
Cyst 0.1 (IQR 0.0-0.2, range 0-2.4)
Torsion without other pathology 7.7 (IQR 4.0-10.5, range 0.1-11.3)
Benign neoplasm 8.2 (IQR 4.9-10.1, range 1.5-11.9)
Malignant neoplasm 8.3 (IQR 7.1-9.8, range 3.9-11.9)
Table 3. Histological diagnoses of the ovarian neoplasms in 0-11 –year-old girls.
Benign neoplasms 22
Mature teratoma 21
     Gonadoblastoma 1
Malign neoplasms 5
Immature teratoma 3
Yolk sac tumor 1
Stromal sex cord tumor 1
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Ovarian cysts 
n=43 (including  
1 bilateral) 
Simple cyst 
n=15 (including  
1 bilateral) 
Sedimentation 
n=17 
Solid component 
n=8 
Micellaneous 
n=3 
Torsion, n=3 
No torsion, n=12 
Torsion, n=15 
No torsion, n=2 n=1 
n=6 
Torsion, n=8 
Torsion, n=2 
No torsion, n=0 
No torsion, n=1 
n=0 
n=1 
n=0 
n=2 
n=12 
Ovary sparing surgery Preoperative ultrasound Operative finding 
A
cc
ep
te
d
 A
rt
ic
le
aogs_13717_f2a.tif
This	article	is	protected	by	copyright.	All	rights	reserved
A
cc
ep
te
d
 A
rt
ic
le
aogs_13717_f2b.tif
This	article	is	protected	by	copyright.	All	rights	reserved
A
cc
ep
te
d
 A
rt
ic
le
Ovarian  
tumors 
n=34 
Benign neoplasm 
n=21 
Malignant  
neoplasm 
n=5 
Torsion without 
other pathology 
n=7  
Torsion, n=17 
No torsion, n=4 
Torsion, n=1 
No torsion, n=4 n=0 
n=0 
Torsion, n=7 
No torsion, n=0 
n=5 
n=2 
n=0 
Ovary sparing surgery Operative finding Histology 
Cyst n=1 
No torsion, n=0 
Torsion, n=1 n=0 A
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